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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of  these 
guidelines  may  be  obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 
D.C.  20314.  The  purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The  assessment  of 
the  general  condition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigations,  and  analyses  involving  topographic  mapping, 
subsurface  investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition  of  the 
dam  is  based  on  observations  of  field  conditions  at  the  time  of  inspection  along 
with  data  available  to  the  inspection  team.  In  cases  where  the  reservoir  was 
lowered  or  drained  prior  to  inspection,  such  action,  while  improving  the  stability 
and  safety  of  the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and  is  evolutionary  in 
nature.  It  would  be  incorrect  to  assume  that  the  present  condition  of  the  dam  will 
continue  to  represent  the  condition  of  the  dam  at  some  point  in  the  future.  Only 
through  frequent  inspections  can  unsafe  conditions  be  detected,  and  only  through 
continued  care  and  maintenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and  hydraulic 
analyses.  In  accordance  with  the  established  Guidelines,  the  spillway  design  flood 
is  based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  The  spillway  design  flood 
provides  a  measure  of  relative  spillway  capacity  and  serves  as  an  aid  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies,  con¬ 
sidering  the  size  of  the  dam,  its  general  condition  and  the  downstream  damage 
potential. 
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PHASE  1  REPORT 


NATIONAL  DAM  INSPECTION  PROGRAM 

Name  of  Dam: 

State  Located: 

County  Located: 

Stream: 

Coordinates: 

Date  of  Inspection: 

ASSESSMENT 


Lake  Caroline  Dam 

Pennsylvania 

Bucks 

Queen  Anne  Creek 

Latitude  40°10.5',  Longitude  74°51.3' 
December  16,  1980 


Lake  Caroline  Dam  is  an  earth  embankment  with  a  central  core  of  selected 
earth  fill  and  consists  of  a  45-foot  wide  concrete  Ogee  spillway.  The  embankment  is 
approximately  1,180  feet  long  with  a  maximum  height  of  about  11  feet  and  an 
average  top  width  of  approximately  15  feet.  The  impounded  reservoir  has  a  normal 
pool  storage  capacity  of  32  acre-feet  and  a  maximum  storage  capacity  of  104  acre- 
feet.  The  dam  was  constructed  on  Queen  Anne  Creek  for  recreational  purposes. 

The  selected  Spillway  Design  Flood  (SDF)  for  this  "Small"  size,  "Significant" 
hazard  dam  is  one-half  of  the  Probable  Maximum  Flood  (PMF).  The  spillway  is 
capable  of  discharging  approximately  12  percent  of  the  PMF  prior  to  overtopping 
the  low  point  of  the  top  of  the  dam.  The  spillway  is  classified  as  "Inadequate",  but 
not  "Seriously  Inadequate",  because  the  dam  is  considered  to  be  a  "Significant" 
hazard  structure. 

Based  on  the  visual  observations  and  review  of  the  information  provided  by  the 
Pennsylvania  Department  of  Environmental  Resources  (DER),  Division  of  Dam 
Safety,  Lake  Caroline  Dam  is  considered  to  be  in  fair  condition. 

Recommendations  and  Remedial  Measures: 

The  following  recommendations  and  remedial  measures  should  be  initiated 
immediately.  The  Owner  should  retain  the  services  of  a  licensed  Professional 
Engineer  experienced  in  the  design  and  construction  of  dams  to  assist  in  complying 
with  the  recommendations  and  remedial  measures. 

a.  Facilities. 

1.  The  dam  should  be  raised  to  design  elevation,  regraded  and  provided 
with  erosion  resistant  vegetative  cover. 

2.  Detailed  hydrologic  and  hydraulic  analyses  should  be  performed  to 
evaluate  the  discharge  capacity  of  the  spillway  and  remedial  measures  should  be 
taken  to  increase  the  spillway  capacity. 

3.  Riprap  should  be  replaced  on  the  upstream  face  of  the  dam  to  protect 
against  wave  action. 
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LAKE  CAROLINE  DAM 


4.  Bushes  and  small  trees  growing  on  the  embankment  should  be  removed. 
Any  remaining  voids  should  be  backfilled  with  suitable,  thoroughly  compacted 
material. 

5. -  Debris  should  be  removed  from  the  spillway  outlet  channel, 
b.  Operation  and  Maintenance  Procedures. 

1.  A  regular  inspection  and  maintenance  program  should  be  developed 
and  implemented.  This  program  should  include  periodic  operation  of  the  outlet 
works  gate. 

2.  A  system  of  warning  downstream  residents  during  periods  of  extreme 
rainfall  should  be  developed. 
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PHASE  I  REPORT 

NATIONAL  DAM  INSPECTION  PROGRAM 
LAKE  CAROLINE  DAM 
NDI  ID  PA  00945 
PA  DER  9-156 

SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  The  Dam  Inspection  Act,  Public  Law  92-367,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a  program  of 
inspection  of  dams  throughout  the  United  States. 

b.  Purpose.  The  purpose  of  this  inspection  is  to  determine  if  Lake  Caroline 
Dam  constitutes  a  hazard  to  human  life  or  property. 

1.2  Description  of  Project  (Based  upon  information  obtained  from  the  Pennsylvania 
Department  of  Environmental  Resources  (DER),  Division  of  Dam  Safety,  Harrisburg, 
Pennsylvania  and  this  inspection.) 

a.  Dam  and  Appurtenances.  Lake  Caroline  Dam  is  an  earth  embankment 
approximately  1,180  feet  long  with  a  maximum  height  of  11  feet.  The  dam 
impounds  a  reservoir  with  a  surface  area  of  13.5  acres  and  a  storage  capacity  of  32 
acre-feet  at  normal  pool.  The  crest  of  the  dam  averages  15  feet  wide.  The  side 
slopes  (both  upstream  and  downstream)  average  about  2H:1V  and  the  upstream  slope 
was  to  have  been  lined  with  riprap.  A  central  core  of  selected  earth  fill  extends  3 
feet  below  the  original  ground  surface  (see  embankment  section  on  Sheet  3  in 
Appendix  E).  The  core  zone  is  4  feet  wide  at  the  top  of  the  embankment  and  10  feet 
wide  at  its  base. 

The  spillway  is  a  45-foot  long  concrete  Ogee  section  with  4  feet  of  freeboard 
between  the  spillway  crest  and  the  top  of  the  dam.  The  spillway  is  provided  with 
concrete  side  walls  which  extend  21  feet,  6  inches  downstream  of  the  Ogee  section 
and  concrete  cutoff  walls  which  extend  7  feet  beyond  the  outer  face  of  the  side 
walls  and  5  feet  below  the  channel  invert.  Wingwalls  on  both  sides  f  the  spillway 
extend  10  feet  upstream  from  the  Ogee  section.  The  outlet  channel  invert  is 
surfaced  with  grouted  riprap  for  a  distance  of  8  feet,  6  inches  downstream  of  the 
spillway  section.  A  3-foot  deep  by  2-foot  wide  keywall  extends  across  the  outlet 
channel  at  the  downstream  end  of  the  grouted  riprap.  The  channel  widens  into  a 
stilling  pool  beyond  the  side  walls  and  passes  through  a  6-foot  high  by  22-foot  wide 
culvert  for  a  highway  embankment  approximately  150  feet  downstream  of  the 
spillway. 

The  outlet  works  consist  of  a  3-foot  diameter  corrugated  metal  pipe  through 
the  spillway  section  with  a  4-foot  high  by  3.5-foot  wide  wood  gate  across  the  pipe 
opening  on  the  upstream  face  of  the  spillway.  The  invert  of  the  pipe  at  the  outlet 
end  is  at  the  same  elevation  as  the  outlet  channel  invert. 

For  further  details  relative  to  the  spillway  system  refer  to  sheet  3,  Appendix  E. 
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b.  Location.  Lake  Caroline  Dam  is  located  on  Queen  Anne  Creek  in  the 

community  of  Fairless  Hills  within  Falls  Township,  Bucks  County,  PA*  The  dam  site 
is  shown  on  the  USGS  Quadrangle  entitled  "Trenton  West,  NJ.-Pa."  at  coordinates 
N40°10.5',  W74°51.3'.  A  regional  location  plan  of  Lake  Caroline  Dam  is  included  as 
Figure  1,  Appendix  E.  -,v 

c.  Size  Classification.  Based  on  the  maximum  storage  capacity  of  166  acre- 
feet  (less  then  1,000  acre-feet)  and  maximum  height  of  11  feet  (less  than  40  feet), 
Lake  Caroline  Dam  is  classified  in  the  "Small"  size  category. 

d.  Hazard  Classification.  St.  Frances  Cabrini  Elementary  School  is  located 
approximately  500  feet  downstream  of  the  dam  and  about  220  feet  left  of  the 
stream  at  that  point.  A  failure  of  the  dam  could  cause  appreciable  property  damage 
but  it  is  unlikely  that  any  lives  would  be  lost  because  of  the  regulating  effect  of  the 
highway  embankment  about  150  feet  downstream  of  the  dam.  Therefore,  Lake 
Caroline  Dam  is  classified  in  the  "Significant"  hazard  potential  category. 

e.  Ownership.  The  original  owner  of  Lake  Caroline  Dam  was  the  Danherst 
Corporation,  Fairless  Hills,  Pa.  The  dam  is  presently  owned  by  Bucks  County,  under 
the  jurisdiction  of  the  Department  of  Parks  and  Recreation.  Correspondence  should 
be  sent  to  Mr.  Charles  Pfanstiel,  Chief  Landscape  Architect,  County  of  Bucks, 
Department  of  Parks  and  Recreation,  Core  Creek  Park,  Box  358,  RD  1,  Langhorne, 
PA.  19047  (Telephone:  (215)  757-0571). 

f.  Purpose  of  Dam.  The  dam  was  constructed  to  impound  a  reservoir  for 
receational  purposes.  The  impoundment  continues  to  be  used  for  recreation. 

g.  Design  and  Construction  History.  According  to  the  design  drawings,  Lake 
Caroline  Dam  was  designed  in  1951  by  Howard  A.  LeVan,  Jr.,  registered  professional 
engineers,  Harrisburg,  Pa.  and  Charles  Haydock,  Consulting  Engineer,  Philadelphia, 
PA.  Construction  of  the  dam  began  in  1951  and  was  completed  in  1953.  The 
construction  was  under  the  jurisdiction  of  the  Danherst  Corporation,  Fairless  Hills, 
PA. 


h.  Normal  Operating  Procedures.  The  reservoir  surface  is  normally  main¬ 
tained  at  Elevation  66.0  (spillway  crest  elevation).  Drawdown  of  the  reservoir  may 
be  accomplished  by  sliding  the  wooden  gate  upward  and  allowing  discharge  to  flow 
through  the  36-inch  diameter  outlet  pipe. 

1.3  Pertinent  Data 


Drainage  Area. 

Square  Miles 

2.2 

Discharge  at  Dam  Site  (cfs). 

Spillway  (water  surface  at  top  of  dam  low  point,  Elev.  68.8) 
Spillway  (water  surface  at  design  top  of  dam,  Elev.  70.0) 

Outlet  Works  (water  surface  at  normal  pool,  Elev.  66.0) 

760 

1,570 

60 
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Elevation  (MSL). 


c. 


Spillway  Crest  66.0 

Discharge  Notch  Crest  65.5 

Top  of  Dam  (design)  70.0 

Top  of  Dam  (low  point)  68.8 

Outlet  Works  Invert  Inlet  60.0 

Outlet  Works  Invert  Outlet  59.0 

Streambed  Elevation  at  Downstream  Toe  59.0 

d.  Reservoir  (feet). 

Length  of  Normal  Pool  1,600 

Length  of  Maximum  Non-Overtopping  Pool  2,100 

e.  Storage  (Acre-F eet). 

Normal  Pool,  Elev.  66.0  32 

Top  of  Dam  (Low  Point),  Elev.  68.8  104 

Top  of  Dam  (Design),  Elev.  70.0  166 

f.  Reservoir  Surface  Area  (Acres). 

Normal  Pool,  Elev.  66.0  14 

Top  of  Dam  (Low  Point),  Elev.  68.8  40 

Top  of  Dam  (Design),  Elev.  70.0  64 


g.  Dam  Data. 


Type 

Length 

Height  to  Low  Point  Top  of  Dam 
Crest  Width 


Zoned  Earth  Embankment 
1,180  Feet 
9.8  Feet 
15  Feet 


Side  Slopes 
Zoning 

Impervious  Core 
Cutoff 

Grout  Curtain 


2H:1V 

Central  Core  Zone 
Central  Core  of  Selected  Earth  Fill 
Core  Zone  Extends  3  feet  below  ground  surface 

None 


h.  Spillway. 

Type 

Length  of  Weir 
Crest  Elevation 
Gates 

Upstream  Channel 


Concrete  Ogee  Overflow 
45  Feet 

66.0  (Discharge  Notch  Elev.  65.5) 
A  wooden  gate  regulates  outlet  works 

None 
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Downstream  Channel 


Concrete  sidewalls  extend  21.5  feet 
downstream  of  the  Ogee;  grouted  riprap 
channel  invert  for  10  feet  downstream  of 
the  Ogee.  The  channel  passes  through  a 
highway  culvert  about  150  feet  down¬ 
stream  of  the  dam  axis.  Refer  to  Sheet 
3, Appendix  E. 
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SECTION  2 


ENGINEERING  DATA 


2.1  Design 

a.  Data  Available.  The  information  available  in  the  DER  main  office  files  in 
Harrisburg,  Pennsylvania,  for  review  of  Lake  Caroline  Dam  includes  the  following: 

1.  "Application",  "Report  Upon  the  Application",  and  "Permit"  to  construct 
Lake  Caroline  Dam. 

2.  General  and  Plan  drawings  for  Lake  Caroline  Dam. 

3.  Sections  and  Details  drawing  for  Lake  Caroline  Dam. 

4.  Inspection  Report  dated  June  23,  1965. 

5.  Miscellaneous  correspondence,  memoranda,  etc. 

b.  Design  Features.  The  design  features  are  described  in  Section  1.2.a  and 
shown  on  the  Sheets  in  Appendix  E. 

2.2  Construction 


Based  on  the  field  investigation  and  the  information  available  from  DER,  the 
dam  appears  to  have  been  constructed  in  general  conformance  with  the  design 
drawings.  However,  several  minor  discrepancies  were  noted  during  the  field 
inspection. 

2.3  Operation 

Operational  procedures  are  limited  to  raising  the  wooden  gate  which  controls 
discharge  through  the  outlet  works.  A  metal  handle  is  provided  for  lifting  the  gate. 

2.4  Evaluation 

a.  Availability.  The  enqineerinq  data  utilized  in  this  report  were  provided  by 
DER. 

b.  Adequacy.  The  information  provided  by  DER,  visual  observations,  and 
discussions  with  Mr.  Charles  Pfanstiel,  the  Owner's  representative,  are  considered 
adequate  for  a  Phase  I  investigation. 

c.  Validity.  There  appears  to  be  no  reason  to  question  the  validity  of  the  data 
obtained  from  DER. 


SECTION  3 


VISUAL  INSPECTION 


3.1  Findings 

a.  General.  The  field  inspection  of  Lake  Caroline  Dam  took  place  on 
December  16,  1980.  At  the  time  of  the  inspection,  the  reservoir  surface  was 
slightly  below  the  spillway  crest  (Eievr  -MvQ)  and  water  was  flowing  over  the 
discharge  notch.  No  underwater  areas  were  inspected. 

/ 

The  observations  and  comments  of  the  field  inspection  team  appear  in  the 
checklist  which  is  Appendix  A  of  this  report.  The  appearance  of  the  facility 
indicates  that  the  dam  and  its  appurtenances  are  marginally  maintained. - 

b.  Dam.  The  crest  of  the  embankment  is  below  design  elevation  for  most  of 
the  length  of  the  dam.  The  low  point  in  the  crest  is  approximately  1.2  feet  below 
the  design  elevation.  The  embankment  crest  on  either  side  of  the  spillway  is  nearly 
a  foot  below  the  spillway  sidewalls  and  the  lack  of  vegetation  indicates  that  in 
addition  to  pedestrian  traffic  some  erosion  has  occurred  adjacent  to  the  spillway 
sidewalls. 

The  upstream  face  of  the  embankment  is  irregular  and  appears  to  be  steeper 
than  2H:1V  in  many  locations.  No  riprap  is  apparent  above  the  water  surface  and 
bushes  and  small  trees  (up  to  4-inch  diameter  trunks)  are  growing  on  the  upstream 
face  in  several  locations. 

c.  Appurtenant  Structures.  The  spillway  and  wingwalls  appeared  to  be  in  good 
condition  at  the  time  of  the  inspection.  The  gate  for  the  outlet  works  was 
submerged  and  could  not  be  observed. 

d.  Reservoir  Area.  The  area  surrounding  the  reservoir  is  extremely  flat  and 
for  the  most  part  grass  covered.  Some  flooding  of  buildings  and  properties  upstream 
of  the  dam  could  occur  when  the  water  surface  in  the  reservoir  reaches  2  feet  above 
the  top  of  the  dam. 

e.  Downstream  Channel.  The  downstream  channel  passes  through  a  22-foot 
wide  by  6-foot  high  culvert  for  a  highway  embankment  approximately  150  feet 
downstream  of  the  dam.  Several  shopping  carts  were  observed  in  the  channel 
between  the  spillway  and  the  culvert  on  the  date  of  the  inspection.  The  tail  water 
elevation  was  approximately  5  feet  below  the  spillway  crest.  The  channel  gradient 
is  very  gentle  downstream  of  the  culvert  with  meandering  wooded  banks.  About  700 
feet  downstream  of  the  dam  the  creek  flows  into  a  shallow  pond  approximately 
1,500  feet  long. 

3.2  Evaluation 


The  low  top  of  dam  elevation  results  in  decreased  spillway  discharge  capacity 
prior  to  embankment  overtopping  and  reduced  capability  for  withstanding  large 
flood  flows.  Lack  of  riprap  on  the  upstream  face  could  lead  to  further  erosion  of 
the  already  steepened  slope  and  potential  instability  of  the  embankment.  Bushes 


and  small  trees  (up  to  4-inch  diameter  trunks)  growing  on  the  upstream  face  create 
potential  seepage  paths  through  the  embankment  and  endanger  the  integrity  of  the 
structure.  The  general  condition  of  the  embankment  is  considered  to  be  poor,  and 
the  overall  condition  of  the  dam  is  considered  to  be  fair. 
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SECTION  4 


OPERATIONAL  PROCEDURES 


4.1  Procedures 


The  wooden  gate  on  the  upstream  face  of  the  Ogee  spillway  provides  upstream 
control  of  the  36-inch  diameter  corrugated  metal  outlet  pipe  for  reservoir  draw¬ 
down.  There  are  no  other  known  operational  features  for  the  dam. 

4.2  Maintenance  of  the  Dam 


According  to  the  Owner's  representative,  maintenance  is  performed  on  an  as- 
needed  basis. 

4.3  Maintenance  of  Operating  Facilities 

According  to  the  Owner's  representative,  the  gate  is  not  operated  on  a  regular 
basis.  The  gate  was  submerged  during  the  inspection,  and  it  is  not  known  whether 
the  outlet  works  are  in  operating  condition. 

4.4  Description  of  any  Warning  Systems  in  Effect 

According  to  the  Owner's  representative,  no  formal  system  of  warning  down¬ 
stream  residents  of  an  impending  dam  failure  is  in  effect  for  Lake  Caroline  Dam. 

4.5  Evaluation 


The  bushes  and  small  trees  growing  on  the  upstream  face  of  the  dam  and  the 
eroded  areas  on  the  embankment  indicate  a  general  lack  of  maintenance  at  the  site. 
A  regular  inspection  and  maintenance  program  should  be  established  which  would 
include  periodic  operation  of  the  outlet  works  gate. 

A  system  of  warning  downstream  residents  during  periods  of  extreme  rainfall 
should  be  developed  and  implemented. 


SECTION  5 


HYDROLOGY  AND  HYDRAULICS 

5.1  Evaluation  of  Features 

a.  Design  Data.  Lake  Caroline  Dam  has  a  drainage  area  of  2.2  square  miles 
and  impounds  a  reservoir  with  a  normal  pool  storage  capacity  of  32  acre-feet.  The 
ground  surface  ranges  from  Elev.  205  in  the  upper  reaches  of  the  watershed  to  Eiev. 
66  at  normal  pool.  The  terrain  of  the  drainage  basin  adjacent  to  the  reservoir  is  flat 
with  slopes  ranging  from  approximately  0.5  to  about  3  percent.  An  estimated  90 
percent  of  the  watershed  is  developed  for  residential  and  commercial  purposes  with 
the  balance  primarily  wooded. 

No  original  design  calculations  were  available,  however,  the  "Report  Upon  the 
Application"  indicated  that  a  spillway  capacity  of  1370  cfs  (using  a  coefficient  of 
3.8)  was  estimated. 

b.  Experience  Data.  According  to  the  Owner's  representative,  there  are  no 
known  reservoir  level  records  or  rainfall  records  kept  for  this  dam.  However,  an 
inspection  report  dated  June  23,  1965  indicated  that  the  spillway  abutments  had 
been  eroded  by  overtopping  at  some  previous  date.  Subsequent  correspondence  from 
the  original  owner  (Danherst  Corporation,  Fairless  Hills,  PA)  stated  that  the 
embankment  had  been  repaired. 

c.  Visual  Observations.  During  the  field  inspection,  it  was  noted  that  the 
spillway  abutments  had  been  eroded  again,  apparently  due  to  overtopping.  It  was 
also  noted  that  the  downstream  highway  culvert  could  constrict  the  outflow  from 
Lake  Caroline  Dam,  causing  submergence  of  the  spillway.  According  to  the 
hydraulic  calculations  (refer  to  Appendix  D)  beginning  with  pool  Elev.  69.7  the 
highway  culvert  would  control  the  discharge  from  the  dam  with  the  low  point  of  the 
top  of  the  dam  at  El.  68.8. 

d.  Overtopping  Potential.  According  to  the  Guidelines,  the  recommended 
Spillway  Design  Flood  (SDF)  for  a  "Small"  size,  "Significant"  hazard  dam  ranges 
from  the  100-year  flood  to  one-half  of  the  Probable  Maximum  Flood  (PMF).  Due  to 
the  close  proximity  of  the  elementary  school  to  the  dam  and  the  downstream 
channel,  the  selected  SDF  is  one-half  of  the  PfvF. 

Various  percentages  of  the  PMF  were  routed  through  Lake  Caroline  Dam  by 
means  of  the  HEC-1  DB  computer  program.  A  brief  description  of  the  program  is 
included  in  Appendix  D.  The  peak  inflow  and  outflow  rates  for  the  SDF  were 
computed  to  be  5,500  cfs  and  4,100  cfs,  respectively.  Based  on  the  hydrologic  and 
hydraulic  analyses,  the  spillway  is  capable  of  discharging  approximately  12  percent 
of  the  PMF  prior  to  overtopping  of  the  low  point  of  the  top  of  the  embankment 
(Refer  to  Appendix  D,Sheet  12).  The  SDF  would  overtop  the  dam  by  a  maximum  of 

3.2  feet  and  the  duration  of  overtopping  would  be  about  6.3  hours.  If  the  dam  were 
raised  to  design  Elev.  70.0,  the  spillway  would  be  capable  of  discharging  approxi¬ 
mately  20  percent  of  the  PMF  before  overtopping  of  the  embankment  would  occur 
(Refer  to  Appendix  D^Sheet  16). 


e.  Spillway  Adequacy,  The  Lake  Caroline  Dam  spillway  is  classified  as 
"Inadequate",  but  not  "Seriously  Inadequate"  because  even  though  the  spillway  is 
capable  of  discharging  only  12  percent  of  the  PM F,  the  dam  is  considered  to  be  a 
"Significant"  hazard  structure. 

A  highway  embankment  approximately  150  feet  downstream  of  the  dam  would 
control  discharge  from  Lake  Caroling  Dam.  Therefore,  outflow  due  to  breaching  of 
the  dam  would  be  regulated  by  the  highway  embankment  and  the  downstream  effect 
would  be  minimized.  However,  a  failure  of  the  downstream  highway  embankment 
could  create  a  hazard  to  loss  of  life  downstream.  The  highway  embankment  would 
experience  a  maximum  overtopping  depth  of  approximately  2.5  feet  and  an 
overtopping  duration  of  about  6  hours  for  the  SDF.  It  is  considered  unlikely  that  the 
embankment  would  fail  under  these  conditions  since  it  is  surfaced  with  a  4-lane 
highway,  has  a  top  width  of  approximately  70  feet  and  is  only  about  11  feet  high. 
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SECTION  6 


STRUCTURAL  STABILITY 
6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations.  The  upstream  face  of  the  dam  appears  to  be  steeper 
than  originally  designed  indicating  that  wave  action  has  apparently  eroded  the 
upstream  face  and  consequently  has  probably  decreased  the  stability  of  the  slope. 
Further  erosion  will  probably  occur  since  no  riprap  was  evident  during  the 
inspection. 

The  top  of  the  dam  is  as  much  as  1.2  feet  below  the  design  top  of  dam 
elevation.  An  inspection  report  of  June  1965  indicated  that  the  spillway  abutments 
had  been  overtopped  at  some  previous  date.  Conceivably  the  dam  may  have  been 
overtopped  and  eroded  since  1965. 

The  roots  of  bushes  and  small  trees  (up  to  4-inch  diameter  trunks)  growing  on 
the  upstream  face  of  the  embankment  create  seepage  paths  through  the  embank¬ 
ment  and  could  potentially  weaken  the  structure. 

The  structural  features  of  the  spillway  appeared  to  be  in  good  condition  at  the 
time  of  the  inspection. 

Based  on  visual  observations,  the  dam  appears  to  be  structurally  stable. 

b.  Design  and  Construction  Data.  Design  drawings,  application  data,  and 
inspection  reports  and  photographs  were  provided  by  DER.  However,  no  design 
calculations  were  included  in  the  provided  information. 

c.  Operating  Records.  According  to  the  Owner's  representative,  no  official 
operating  records  are  maintained  for  this  dam. 

d.  Post  Construction  Changes.  No  records  are  available  for  any  structural 
changes  to  the  dam  subsequent  to  the  competion  of  construction.  The  correspon¬ 
dence  indicates  that  the  spillway  abutments  were  repaired  in  1965  following  an 
overtopping  of  the  embankment. 

e.  Seismic  Stability.  Lake  Caroline  Dam  is  located  in  Seismic  Zone  1  on  the 
Seismic  Zone  Map  of  Contiguous  States.  A  dam  located  in  Seismic  Zone  1  is 
generally  considered  to  be  safe  under  any  expected  Zone  1  earthquake  loading 
conditions  if  it  is  stable  under  static  loading  conditions. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  AND  PROPOSED  REMEDIAL  MEASURES 
7.1  Dam  Assessment 


a.  Safety.  The  visual  inspection  and  review  of  available  information  indicate 
that  Lake  Caroline  Dam  is  in  fair  condition. 

The  top  of  the  dam  is  as  much  as  1.2  feet  below  the  design  top  of  dam  elevation 
which  causes  the  discharge  capacity  prior  to  overtopping  of  the  embankment  to  be 
reduced. 

The  upstream  face  of  the  dam  is  not  protected  by  riprap  and  has  been  eroded  to 
a  steeper  slope  by  reservoir  wave  action.  In  addition,  bushes  and  small  trees  are 
growing  on  the  upstream  face  of  the  embankment. 

The  spillway  is  capable  of  discharging  approximately  12  percent  of  the  PMF 
prior  to  overtopping  of  the  low  point  of  the  top  of  the  dam  (the  SDF  is  50  percent  of 
the  PMF).  The  SDF  would  overtop  the  dam  by  a  maximum  of  3.2  feet  and  the 
duration  of  overtopping  would  be  about  6.3  hours.  The  spillway  is  classified  as 
"Inadequate",  but  not  "Seriously  Inadequate"  because  the  dam  is  considered  to  be  a 
"Significant"  hazard  structure. 

b.  Adequacy  of  Information.  The  information  available  from  DER,  visual 
observations,  and  discussions  with  the  Owner's  representative  are  considered  ade¬ 
quate  for  a  Phase  I  investigation. 

c.  Urgency.  The  remedial  measures  recommended  in  Section  7.2  should  be 
effected  immediately. 

d.  Necessity  for  Further  Investigation.  Detailed  hydrologic  and  hydraulic 
analyses  should  be  performed  to  determine  the  extent  to  which  the  spillway  capacity 
and  the  downstream  culvert  capacity  should  be  increased. 

7.2  Recommendations  and  Remedial  Measures 

The  following  recommendations  and  remedial  measures  should  be  initiated 
immediately.  The  Owner  should  retain  the  services  of  a  licensed  Professional 
Engineer  experienced  in  the  design  and  construction  of  dams  to  assist  in  complying 
with  the  recommendations  and  remedial  measures. 

a.  Facilities 


1.  The  dam  should  be  raised  to  design  elevation,  regraded  and  provided 
with  erosion  resistant  vegetative  cover. 

2.  Detailed  hydrologic  and  hydraulic  analyses  should  be  performed  to 
evaluate  the  discharge  capacity  of  the  spillway  and  remedial  measures  should  be 
taken  to  increase  the  spillway  capacity. 

3.  Riprap  should  be  placed  on  the  upstream  face  of  the  dam  to  protect 
against  wave  action. 
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4.  Bushes  and  small  trees  growing  on  the  embankment  should  be  removed. 
Any  remaining  voids  should  be  backfilled  with  suitable,  thoroughly  compacted 
material. 

5.  Debris  should  be  removed  from  the  spillway  outlet  channel, 
b.  Operation  and  Maintenance  Procedures 

1.  A  regular  inspection  and  maintenance  program  should  be  developed 
and  implemented.  This  program  should  include  periodic  operation  of  the  outlet 
works  gate. 


2.  A  system  of  warning  downstream  residents  during  periods  of  extreme 
rainfall  should  be  developed. 
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APPENDIX  B 

CHECKLIST 
ENGINEERING  DATA 


O  BRIEN  &  GERE 


CHECK  LIST  NAME  OF  DAM  Lake  Caroline  Dam 

ENGINEERING  DATA 

DESIGN,  CONSTRUCTION.  OPERATION  NDI  ID  PA  -  00945 

PHASE  I 


RAINFALL/RESERVOIR  RECOROS  None  available. 
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MAINTENANCE 

OPERATION 

RECOROS  None  available. 
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Site  Plan 

PHOTOGRAPH 

No. 

1.  Upstream  face  of  dam  from  the  west  abutment  showing 
brush  and  trees  and  lack  of  riprap.  (12/16/80) 

2.  Looking  upstream  at  the  spillway.  (12/16/80) 

3.  Spillway  from  east  sidewall.  (12/16/80) 

4.  Embankment  below  grade  just  west  of  spillway  sidewall. 
(12/16/80) 

5.  Embankment  about  one  foot  below  grade  along  west 

spillway  sidewall .  (12/16/80) 

6.  Embankment  about  one  foot  below  grade  along  east  spill¬ 
way  sidewall.  (12/16/80) 

7.  Over  all  condition  of  upstream  face  of  dam  embankment. 
(12/16/80) 

8.  Typical  vegetation  growth  on  upstream  face  of  dam 
embankment.  (12/16/80) 

9.  Area  west  of  the  dam.  (12/16/80) 

10.  Overview  of  the  impoundment.  (12/16/80) 

11.  6-foot  by  22-foot  culvert  150  feet  downstream  of  the 
dam.  (12/16/80) 

12.  Potential  hazard  area  about  500  feet  downstream  of 
the  dam.  (12/16/80) 
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(12/16/80) 
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Output  Assuming  Crest  of  Dam  Minimum  Elev.  70.0 


CMECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


Sheet  i 


DRAINAGE  AREA  CHARACTERISTICS:  C/rbarl _ 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  /f/eV.  &&.0  ( 32  Acre  -  fee/) 
ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  *>8.6  Qc>4-  Acre- fret) 

ELEVATION  MAXIMUM  DESIGN  POOL:  £/ev.  70  0 _ 

ELEVATION  TOP  DAM:  £/*/.  &S.8 ,  low  P*/n/  7eyo  farrr _ 

SPILLWAY 

a.  Elevation  6>Ce.O _ 

b.  Type _ Emrefe  Ogee _ _ 

c.  Width  Sfofi&c/  £res/ _ _ 

d.  Length  _ 4-5  fee/ _ 

e.  Location  Spillover  AMir  Eetr/er  ^sr?7  _ 

f.  Number  and  Type  of  Gates  A/tme _ _ 


OUTLET  WORKS: 


a. 


b. 


c. 


d. 


e. 


Type _ 36>-  she/?  d/a/T7&/er  cy>e/7/f?f?  /bnpxg/?  bsser  &?<?£  . 

Location  &  3  Jee/-  /rzrrn  n<g/r/  s/t/a  orf s/o'/Ait/acf _ 

Entrance  invert  E/fty.  <*0-0 _ 

Exit  invert  E/ey  5?Q  _ ' 

Emergency  draindown  facilities  -ftmber  sf/e/e.  _ 


HYDROMETEOROLOGICAL  CAGES: 

a.  Type  _ 

b.  Location  _ 

c.  Records  _ _ 

MAXIMUM  NON-DAMAGING  DISCHARGE:  /&/ Mermirted 


SHEET  2 


HEC-1,  REVISED 
FLOOD  HYDROGRAPH  PACKAGE 


The  original  "Flood  Hydrograph  Package"  (HEC-1) , 
developed  by  the  Hydrologic  Engineering  Center,  Corps  of 
Engineers,  has  been  modified  for  use  under  the  National  Dam 
Inspection  Program.  The  "Flood  Hydrograph  Package  (HEC-1) , 
Dam  Safety  Version",  hereinafter  referred  to  as,  HEC-1,  Rev., 
has  been  modified  to  require  less  detailed  input  and  to 
include  a  dam  breach  analysis.  The  required  input  is  obtained 
from  the  field  inspection  of  a  dam,  any  available  design/eval¬ 
uation  data,  relatively  simple  hydraulic  calculations,  or 
information  from  the  USGS  Quandrangle  maps.  The  input  format 
is  flexible  in  order  to  reflect  any  unique  characteristics  of 
an  individual  dam. 

HEC-1,  Rev.  computes  a  reservoir  inflow  hydrograph 
based  on  individual  watershed  characteristics  such  as:  area, 
percentage  of  impervious  surface  area,  watershed  shape,  and 
hydrograph  characteristics  determined  from  regional  correla¬ 
tion  studies  by  the  Corps  of  Engineers,  Baltimore  District. 
The  inflow  is  routed  through  the  reservoir  using  spillway 
discharge  data  obtained  from  the  field  inspection  or  design 
data.  Flood  storage  capacity  is  determined  from  USGS  maps  or 
design  information  and  verified  by  the  field  inspection.  In 
the  event  a  spillway  cannot  discharge  0.5  PMF  without 
overtopping  and  failure  of  the  dam,  downstream  channel 
characteristics  obtained  from  the  field  inspection  and  USGS 
maps  are  inputed  and  flows  are  routed  downstream  to  the  damage 
center  and  a  dam  breach  analysis  is  performed**/ 

Included  in  this  Appendix  are  the  HEC-1,  Rev. 
pertinent  input  values  and  a  summary  print-out. 
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FEAK  OUTFLOW  IS  9499.  AT  TIME  40.50  HOURS 
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SITE  GEOLOGY 


LAKE  CAROLINE  DAM 


Lake  Caroline  Dam  is  located  in  the  Lowland  section  of  the  Piedmont 
Physiographic  Province.  As  shown  in  Figure  1,  the  damsite  and  surrounding  region  is 
underlain  by  Oligoclase  Mica  Schist  (a  Wissahickon  Schist)  of  the  late  Pre-Cambrian 
or  early  Paleozioc  age.  The  Oligoclase  Mica  Schist  is  exposed  in  the  area  where 
Queen  Anne  Creek  has  cut  through  the  overlying  Quaternary  unconsolidated 
sediments.  The  Quaternary  sediments  are  Pre-Wisconsin  Pleistocene  unconsol¬ 
idated  sand  and  gravel  deposits  in  river  terraces. 


